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Abstract. Magnetic symmetry of all possible plane domain walls in ferro- and ferrimagnets is 
considered.  Magnetic symmetry classes of non 180 degree (including 0 degree) domain walls are 
obtained. The domain walls degeneracy is investigated. The symmetry classification is applied for 
research of all possible plane domain walls in crystals of the hexoctahedral crystallographic class.  
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1.  Introduction 
The investigation of static and dynamic properties [1,2] of domain walls (DWs) in magnetically 
ordered media is of considerable interest for the physical understanding of medium behavior and it is also 
important for applications. For sequential examination of these properties it is necessary to take into 
account the magnetic symmetry [3,4] of the media. Determination of the DW magnetic symmetry allows  
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to characterize qualitatively some elements of the DW structure  and  their  change.  The  complete  
symmetry classification of plane 180 degree DWs (1800-DWs) in magnetically ordered crystals [5] and 
similar classification of these DWs with Bloch lines in ferromagnets and ferrites [6] were carried out 
earlier. The plane DWs with width δ [1,7] exceeding the characteristic size a of a unit magnetic cell were 
considered. Properties of these DWs in ferro- and ferrimagnets are described by the density of magnetic 
moment M [8]. Their symmetry can be characterized by the magnetic symmetry classes (MSCs) [9] of a 
crystal containing a DW [5]. The building of a totality of the MSCs of all possible [1] plane (i.e. DW with 
0r >> δ , where 0r  is the curvature radius of the DW [5]) DWs in ferro- and ferrimagnets is the purpose of 
this work. 
 
2. Domain wall symmetry in the magnetically ordered media 
Let m be the unit time-odd axial vector [9] along the magnetization vector M: M/Mm = , where 
M is the saturation magnetization. Then 1m  and 2m  are unit time-odd axial vectors along magnetization 
vectors 1M  and 2M  in neighboring domains: M/11 Mm = , M/22 Mm = . The vectors 1m  and 2m  
coincide with different easy magnetization axes (EMA) of the medium. The angle α2  between these 
vectors determines the DW type ( α2 -DW): ( )21arccos2 mm=α . A unit polar time-even vector Wn  
indicates the DW plane normal. It is directed from domain with 1m  to domain with 2m . In order to define 
the unified co-ordinate system we introduce the vectors 1a  and 2a  as well as the parameters 
[ ]ΣΣ ×= mnWb  and [ ]mn ∆×=∆ Wb . The unit vectors of the co-ordicate system zyxO ~~~  are chosen as 
[ ] [ ]Wzyx naaeee ,,,, 12~~~ −= . Here the unit vector 1a  coincides with the direction of the vector 
( )mnnm ∆−∆ WW  (at 0≠∆b  and 0=Σb ) or [ ]Wna ×2  (at 0=∆b  or 0≠Σb ). The unit vector 2a  coincides 
with the direction of vector ( )ΣΣ − mnnm WW  (at 0≠Σb ) or [ ]1an ×W  (at 0≠∆b  and 0=Σb ) or else with 
an arbitrary direction in the DW plane ( Wna ⊥2  at 0== ∆Σ bb ). The time-odd axial vectors m∆  and Σm  
are determined by equalities 12 mmm −=∆  and 21 mmm +=Σ  respectively. 
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  The MSC kG  (here k is a MSC number) of a α2 -DW is the magnetic symmetry group including 
all symmetry transformations (here and hereinafter all translations are considered as unit operations) that 
do not change the spatial distribution of magnetic moments in the crystal with DW [5]. The above-
mentioned group is a subgroup of the magnetic (Shubnikov’s) symmetry group of the crystal 
paramagnetic phase [10]. These transformations do not change DW boundary conditions and can be 
classified by two types [5]. The first type transformations ( )1g  do not change the directions of the vectors 
1m , 2m  and Wn : 
( )
Wg n
1
= Wn , 
( )
11
1 mm =g , ( ) 22
1 mm =g . The second type transformations ( )2g  change 
these directions: ( ) Wg n
2
= Wn− , 
( )
21
2 mm =g , ( ) 12
2 mm =g . In conformity with the terminology of [6] the 
MSC BG  of DW boundary conditions is the totality of all transformations of the magnetic symmetry 
group of the crystal paramagnetic phase that satisfy the mentioned six conditions. It is the MSC of the 
maximum possible symmetry of a α2 -DW in the given crystal for a particular mutual orientation of the 
vectors 1m , 2m  and Wn . The other possible MSCs kG  of a α2 -DW with fixed directions of the vectors 
1m , 2m  and Wn  result by enumeration of the subgroups of BG  : PBk GGG ⊂⊆ , where PG  is the MSC 
of the crystal paramagnetic phase. The mutual orientation of the vectors 1m , 2m  and Wn  is determined by 
the set of parameters ( )ΣΣ = mnWa , ( )mn ∆=∆ Wa , ( )CWCa mn= , Σb  and ∆b , where time-even axial 
vector Cm  is determined by equality [ ]21 mmm ×=C . 
The possible MSCs kG  (1 ≤ k ≤ 42) of 1800-DWs were found earlier [5]. All possible MSCs of 
α2 -DWs with α2 ≠ 1800 are presented in table 1. 
For a certain α2 -DW the different MSCs are different groups of magnetic point symmetry 
transformations. Their representations [11,15] are written in the co-ordinate system zyxO ~~~ . All 
represented MSCs are not interrelated by a rotation over an arbitrary angle around Wn . Also the above-
mentioned MSCs are not reduced with each other by unit vectors transformation 21 aa ↔ . 
The possible transformations ( )1g  or ( )2g  (column “Symmetry elements” of table 1) of α2 -DWs 
with α2 ≠ 1800  are rotations around two-fold symmetry axes n2 , n2′  or 12 , 12′  or else 22 , 22′  that are 
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collinear with the unit vectors Wn  or 1a  or else 2a , respectively, reflections in planes n2 , n2′  or 12′  or else 
22 , 22′  that are normal to the above mentioned vectors, respectively, rotations around three-, four-, six-
fold symmetry axes 
n3 , n4 , n6  that are collinear with the vector Wn , rotations around three-, four-, six-
fold inversion axes n3 , n4 , n6  that are collinear with the vector Wn , inversion in the symmetry center 1  
and identity (symmetry element 1). Here an accent at symmetry elements means a simultaneous use of the 
time reversal operation R [9]. For MSCs with 24 ≤ k ≤ 39 and 52 ≤ k ≤ 64 only generative symmetry 
elements [11] are represented in table 1. 
There is a correspondence between MSCs of 180°-DWs (i.e. at 1m = 2m− [1]), 0°-DWs (i.e. at 
1m = 2m [13]) and α2 -DWs with non-collinear orientation of vectors 1m  and 2m [1] (hereinafter the last 
DWs will be marked as α ′2 -DWs). The above mentioned determinations of criterions for transformations 
( )1g  and ( )2g  can be represented in another identical form: ( ) Wg n
1
= Wn , 
( )
ΣΣ = mm
1g , ( ) mm ∆=∆1g  and 
( )
Wg n
2
= Wn− , 
( )
ΣΣ = mm
2g , ( ) mm ∆−=∆2g . These criterions restrict an ensemble of MSCs symmetry 
transformations for an arbitrary α ′2 -DW. We have 0=∆m  and 0=Σm  for 0°- and 180°-DWs, 
respectively. A pair from the above mentioned criterions does not restrict the MSCs symmetry 
transformations of 0°- or 180°-DWs. Therefore the magnetic symmetry of α ′2 -DWs does not exceed the 
magnetic symmetry of 0°- and 180°-DWs generically. The MSCs of 180°-DWs are the MSCs of α ′2 -
DWs if their transformations do not break the symmetry of the vector Σm  of the α ′2 -DW (i.e. these 
MSCs must be subgroup of the group mm/m ′′∞ , where the infinite-fold symmetry axis is collinear with 
the vector Σm ).  
There is an analogy between MSCs of 180°- and 0°-DWs: their transformations ( )1g  are the same 
since they belong to a subgroup of axial time-odd vector symmetry group (MSC mm/m ′′∞ ), where the 
infinite-fold symmetry axis is collinear with m∆  or Σm  for 180°- or 0°-DWs, respectively. Therefore if 
MSCs consist of the transformations ( )1g  only then these MSCs are common for 180°- and 0°-DWs. They 
are marked with sign “-” in column “DW center” of table 1. A conversion of MSC of 180°-DW into MSC 
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of 0°-DW is simply a change of the criterion ( ) mm ∆−=∆2g  by the criterion ( ) ΣΣ = mm
2g . The 
transformations of corresponding MSCs of these α2 -DWs are different by the substitution ( ) ( ) Rgg ⋅→ 22  
only. Therefore, if a pair of MSCs of 180°-DWs and a pair of MSCs of 0°-DWs is connected by the 
above-mentioned substitution, then these MSCs are common for 180°- and 0°-DWs. 
As a result the lists of MSCs of 0°-, 180°- and α ′2 -DWs are intersected in general. Total number 
of MSCs of a α2 -DW with arbitrary α2  value (including α2 =1800) in ferro- and ferrimagnets is equal 
to 64. General enumeration of MSCs of 180°-DWs contains 42 MSCs: 421 ≤≤ k  [5]. This enumeration 
holds also for MSCs of α2 -DW with °≠1802α (MSC numbers are bold type in column “MSC number 
k” of table 1) . There are 10 MSCs of α ′2 -DWs: 137 ≤≤ k  and 1816 ≤≤ k . The general list of MSCs of 
0°-DWs includes all 42 MSCs of table 1: k=2, 136 ≤≤ k , 1916 ≤≤ k , k=22, 24, 26, 30, 32, 37, 39 and 
6443 ≤≤ k . 
 
3. Domain wall structure 
The α2 -DWs with δ >> a  in ferro- and ferrimagnets are described by the macroscopic density of 
magnetic moment M( z~ ) [5]. The transformations ( )1g  and ( )2g  ( ( ) kGg ∈1 ; ( ) kGg ∈2 ) impose restrictions 
on the kind of coordinate dependence of ( )z~m  components ( ( ) ( ) ( ) ( )zzzz zyx ~~~~ ~~~ mmmm ++= ) in the DW 
volume and allow to find this dependence [5]. For the determination of the kind of coordinate dependence 
of  ( )z~m  component of 0°- and α ′2 -DWs for each MSC (column “Coordinate dependences of ( )z~m  
components” in table 1) the next rules are used: a) if an axial time-odd vector along unit vectors 
re  
(r ≡ x~ , y~  or z~ ) is not an invariant of the transformation ( )1g  then there is no component ( )zr ~m  (figure (-) 
in column “Coordinate dependences of ( )z~m  components” of table 1); b) if the axial time-odd vector 
along 
re  is inverted by the transformation 
( )2g  then the component ( )zr ~m  is an odd (A) function of 
coordinate z~ ; c) if the axial time-odd vector along re  is an invariant of the transformation ( )2g  then 
( )zr ~m  is an even (S) function of coordinate z~ ; d) if the axial time-odd vector along re  is an invariant of 
the transformation ( )1g  then transformation ( )1g  does not restrict the kind of function ( )zr ~m  (A,S). 
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If the MCS of a α2 -DW includes transformations that transpose adjacent magnetic domains then 
this DW has a center of symmetry [5]. These MSCs enclose the symmetry transformations ( )2g . They are 
marked by coordinate 0~ =z  in column “DW center” of table 1. 
As in the case of 1800-DWs [5], the 00- DWs can be pulsating (i.e. DW with collinear directions of 
vectors M and M ≠ const in its volume [5]) DWs. The MSCs with k =2, 6, 19-45, 49-64 describe 
symmetry of pulsating DWs only. In contrast with 180°- and 0°-DWs there are no pulsating DWs among 
the α ′2 -DWs, since α ′2 -DWs require the presence of two “nonzero” ( )z~m  components. The α ′2 -DWs 
are rotary (i.e. DW with M =const in its volume) or semi-rotary [5] DWs only. Among rotary or semi-
rotary DWs there are DWs with only Bloch (i.e DWs with M Wn =const) [1,14] ( k =7, 8 or 46) and only 
Neel (i.e. DWs with m rotation in the plane containing Wn ) [1,15] ( k =9, 12, 17 or 47) laws of m rotation 
in their volume. 
Crystal magnetic ordering is accompanied by phase transition and change of crystal magnetic 
symmetry [3]. In a magnetically ordered crystal kq -multiply degenerate α2 -DWs with fixed α2  can be 
obtained [6], where ( ) ( )kPk GGq /ordord= . Functions ( )PGord  and ( )kGord  give the order [11] of the 
magnetic point group of the crystal paramagnetic phase [9,10] and of a α2 -DW in this crystal, 
respectively. These α2 -DWs have the same energy but different structures (magnetization distribution, 
plane orientation, etc.). The minimum value of kq  is 2 in accordance with the invariance of energy for 
time reversal operation R. 
At representation of the PG  as the totality of kG  (with fixed value k and different symmetry 
elements orientations) the lost transformations (members of adjacent classes) lg  [6,12] interrelate the 
above mentioned kq -multiply degenerate α2 -DWs  (i.e. lg  operation converts an one of such α2 -DWs 
into another). 
The degeneracy kq  of a α2 -DW can be written in the form kBk qqq ′=  ( kq′ ≤ kq ), where 
( ) ( )kBk GGq /ordord=′  is the number of equal-energy α2 -DWs with fixed boundary conditions, 
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( ) ( )BPB GGq /ordord=  is the number of possible boundary conditions. Here ( )BGord  is the order of the 
point group of the maximum magnetic symmetry of the α2 -DW in the given crystal. 
The α2 -DWs of MSC 16G  (MSC 1) have the maximum degeneracy kq . For 180°- and α ′2 -DWs 
it is equal to 16 (crystallographic class mmm), 48 (crystallographic class 6/mmm) and 96 
(crystallographic class m3m) in crystals of lower, medium and higher symmetry singonies (in conformity 
with terminology of [11]), respectively. The 0°-DWs are formed in spatially inhomogeneous media [13]. 
Conditions of occurrence and existence of such DWs demand to take into account medium peculiarities. 
 
4. Magnetic symmetry classes of domain walls in hexoctahedral crystals 
As an example let's consider MSCs of all possible DWs in magnetically ordered crystals of 
hexoctahedral class (crystallographic point symmetry group m3m  in the paramagnetic phase [3]) . This 
class is assumed to exhibit the largest variety of possible DWs. Furthermore it encompasses widely 
investigated and used magnetic media (all cubic symmetry metals, specifically iron and nickel [6], 
magnetic oxides, specifically ferrites with structures of spinel [4] and garnet [16], perovskite, magnetite 
and others). 
The magnetic anisotropy (MA) energy Ke  is the invariant of the initial paramagnetic phase of 
crystal. For the m3m  crystal this energy is given by ( )321 ,, αααKe = 1K s + 2K p + 3K 2s + 4K sp +..., 
where 1K , 2K , 3K  and 4K  are first, second, third and fourth MA constants, s =
2
2
2
1 αα +
2
3
2
2αα +
2
3
2
1 αα , 
p = 23
2
2
2
1 ααα , 1α , 2α  and 3α  are the direction cosines of  m [16].  The absolute minimum of this energy 
corresponds to EMAs. Signs of MA constants and relation between their values determine EMAs 
directions. In the framework of the ( 1K , 2K , 3K ) approximation the EMAs directions can coincide with 
both high-symmetric and low-symmetric crystallographic directions [17]. In the framework of the two-
constant ( 1K , 2K ) approximation the EMA directions can coincide only with high-symmetric <111> or 
<110> or else <100> like crystallographic directions at 1K ≤ - 32K  or 0 ≥ 1K ≥ - 22K  or else 1K ≥ 0 
respectively [1,18]. At that 710-, 1090- and 1800-DWs or 600-, 900-, 1200- and 1800-DWs or else 900- and 
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1800-DWs are realized in a m3m  crystal, respectively [1]. The MSCs and degeneracy Bq  of a α2 -DW 
boundary conditions with °> 902α  and °≤ 902α  are presented in tables 2 and 3 respectively.  
The earlier obtained MSCs of merely 180°-DWs (bold type numbers in table 2) include elements 
[5]: k=1 - ( ) ( )1,12,2,2,1 21 ′×n ; k=4 - ( )11 2,2,1,1 ′′ ; k=5 - ( )nn 2,2,1,1 ′′ ; k=14 - ( )22 2,2,1,1 ′′ ; k=15 - ( )1,1 ′ ; 
k=23 - ( ) ( )1,12,2,2,1 21 ′×n ; k=29 - ( )12,3 ′′n ; k=34 - ( )nn 2,2,4 1 ′′ .  
Only generative symmetry elements are presented for k=29 and 34. Other MSCs of tables 2 and 3 
are presented in table 1. In these tables the DW plane orientation is assigned by different Miller indexes 
h,k,l>1. A simultaneous change on negative and/or cyclic permutation of all indexes doesn’t change 
MSCs. 
There are no common MSCs of maximum symmetrical 180°- and α ′2 -DWs in the m3m crystal. It 
is connected with the presence of the 1′  transformation ( α ′2 -DW vector Σm  is changed by this 
transformation) in the MSCs of such 180°-DW. 
 
5. Conclusions 
The full magnetic symmetry classification of all possible domain walls in ferro- and ferrimagnet 
crystals includes 64 magnetic symmetry classes: 42 classes of 00- DWs, 10 classes of α2 -DWs with 
00< α2 <1800 and 42 classes of 1800-DWs. Lists of magnetic symmetry classes of all above mentioned 
types of DWs are intersected in general case.  
00- DWs can be pulsating, rotary or semi-rotary DWs. The α2 -DWs with 00< α2 <1800 are rotary 
or semi-rotary DWs only. Among rotary or semi-rotary DWs there are DWs with Bloch or Neel laws of 
magnetization rotation in their volume. Pulsating, rotary or semi-rotary DWs can have a center of 
symmetry in their volume. 
All possible 1800- and α2 -DWs with 00< α2 <1800 have even degeneracy (its value is between 2 
and 96 in general case).  
Magnetic symmetry classes of maximum symmetrical 180°-DWs do not meet with such classes of 
α2 -DWs with 00< α2 <1800 in a m3m crystal. 
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Table 1. Magnetic symmetry classes of the plane α2 -DWs with °≠ 1802α . 
MSC 
numb. 
k 
Mutual 
orientations  
of the vectors   
1m , 2m  and Wn  
 
Symmetry 
elements 
Coordinate dependences  
of ( )z~m components   
 
DW 
center 
International 
MSC 
symbol ( )zy ~~m  ( )zx ~~m  ( )zz ~~m  
2 0=== Σ∆∆ aba  n2,2,2,1 21 ′′  (-) (A,S) (-) -  mm ′ 2′  
6 0=== ∆Σ Caaa  22,1  (-) (A,S) (-) - m 
7 0== ∆Σ aa  1, 12′ , 22 , n2′  (A) (S) (-) 0~ =z  2 2′ 2′  
8 0== ∆Σ aa  1, n2′  (A,S) (A,S) (-) - 2′  
9 0=== Σ∆ baaC   1, 12′ , 22′ , n2   (A) (-) (S) 0~ =z  m m′ 2′  
10 0=∆a  1, 12′  (A) (S) (S) 0~ =z  2′  
11 0=== Σ∆ baaC   1, n2  (A) (A) (S) 0~ =z  m 
12 0=Ca  1, 12′  (-) (A,S)  (A,S) - m′  
13 0=Σa  1, 22  (A) (S) (A) 0~ =z  2 
16 Arbitrary 1 (A,S) (A,S) (A,S) - 1 
17 0=== ∆Σ baaC  1, 12′ , 22 , n2′  (-) (S) (A) 0~ =z  m′ m′ 2 
18 0=== ∆Σ baaC  1, n2′  (S) (S) (A) 0~ =z  m′  
19 0== Σ∆ bb  1, n2  (-) (-) (A,S) - 2 
22 0== Σ∆ bb  1, 12′ , 22′ , n2  (-) (-) (A,S) - m′ m′ 2 
24 0== Σ∆ bb  n3  (-) (-) (A,S) - 3 
26 0== Σ∆ bb  12,3 ′n  (-) (-) (A,S) - m3 ′  
30 0== Σ∆ bb  n4  (-) (-) (A,S) - 4 
32 0== Σ∆ bb  12,4 ′n  (-) (-) (A,S) - mm4 ′′  
37 0== Σ∆ bb  n6  (-) (-) (A,S) - 6 
39 0== Σ∆ bb  12,6 ′n  (-) (-) (A,S) - mm6 ′′  
43 0=== Σ∆∆ aba  ( ) ( )1,12,2,2,1 21 ×′′ n  (-) (S) (-) 0~ =z  mmm ′′  
44 0=== Σ∆∆ aba  n2,2,2,1 21 ′′  (-) (S) (-) 0~ =z   mm ′ 2′  
45 0=== Σ∆∆ aba  1, 1 , 22 , 22  (-) (S) (-) 0~ =z  2/m 
46 0=== Σ∆∆ aba  1, 1 , n2′ , n2′  (S) (S) (-) 0~ =z  m/2 ′′  
47 0== ∆∆ ba  1, 1 , 12′ , 12′  (-) (S) (S) 0~ =z  m/2 ′′  
48 0== ∆∆ ba  1, 1  (S) (S) (S) 0~ =z  1  
 12 
Table 1. Magnetic symmetry classes of the plane α2 -DWs with °≠ 1802α  (continue). 
MSC 
numb. 
k 
Mutual 
orientations  
of the vectors   
1m , 2m  and Wn  
 
Symmetry 
elements 
Coordinate dependences  
of ( )z~m components   
 
DW 
center 
International 
MSC 
symbol ( )zy ~~m  ( )zx ~~m  ( )zz ~~m  
49 0=== Σ∆∆ bba  1, 1 , n2 , n2  (-) (-) (S) 0~ =z  2/m 
50 0=== Σ∆∆ bba  1, 12′ , 22′ , n2  (-) (-) (S) 0~ =z  2 2′ 2′  
51 0=== Σ∆∆ bba  ( ) ( )1,12,2,2,1 21 ×′′ n  (-) (-) (S) 0~ =z  mmm ′′  
52 0=== Σ∆∆ bba  n6  (-) (-) (S) 0~ =z  6  
53 0=== Σ∆∆ bba  12,3 ′n  (-) (-) (S) 0~ =z  23 ′  
54 0=== Σ∆∆ bba  12,6 ′n  (-) (-) (S) 0~ =z  2m6 ′′  
55 0=== Σ∆∆ bba  12,3 ′n  (-) (-) (S) 0~ =z  m3 ′  
56 0=== Σ∆∆ bba  nn 2,4  (-) (-) (S) 0~ =z  4/m 
57 0=== Σ∆∆ bba  12,4 ′n  (-) (-) (S) 0~ =z  224 ′′  
58 0=== Σ∆∆ bba  nn 2,2,4 1′  (-) (-) (S) 0~ =z  mm/m4 ′′  
59 0=== Σ∆∆ bba  n4  (-) (-) (S) 0~ =z  4  
60 0=== Σ∆∆ bba  12,4 ′n  (-) (-) (S) 0~ =z  m24 ′′  
61 0=== Σ∆∆ bba  nn 2,6  (-) (-) (S) 0~ =z  6/m 
62 0=== Σ∆∆ bba  12,6 ′n  (-) (-) (S) 0~ =z  226 ′′  
63 0=== Σ∆∆ bba  nn 2,2,6 1′  (-) (-) (S) 0~ =z  mm/m6 ′′  
64 0=== Σ∆∆ bba  n3  (-) (-) (S) 0~ =z  3  
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Table.2. Number k (degeneracy Bq ) of MSC of boundary conditions of arbitrary oriented plane α2 -DW 
( °> 902α ) in the cubic m3m crystals at selected domain magnetization directions. 
 
DW 
plane 
α2 -DW boundary conditions 
180°-DW  
[100], [ ]001  
180°-DW 
[110], [ ]011  
180°-DW 
[111], [ ]111  
120°-DW 
[110], [ ]110  
109°-DW 
[111], [ ]111  
(100) 34 (6) 14 (24) 14 (24) 16 (96) 9 (24) 
(010) 1 (12) 14 (24) 14 (24) 13 (48) 13 (48) 
(001) 1 (12) 1 (12) 14 (24) 16 (96) 13 (48) 
(111) 14 (24) 14 (24) 29 (8) 16 (96) 12 (48) 
( )111  14 (24) 4 (24) 14 (24) 13 (48) 12 (48) 
( )111  14 (24) 4 (24) 14 (24) 16 (96) 10 (48) 
( )111  14 (24) 14 (24) 14 (24) 13 (48) 10 (48) 
(110) 14 (24) 23 (12) 14 (24) 16 (96) 16 (96) 
(101) 14 (24) 15 (48) 14 (24) 11 (48) 16 (96) 
(011) 1 (12) 15 (48) 14 (24) 16 (96) 17 (24) 
( )101  14 (24) 1 (12) 5 (24) 16 (96) 16 (96) 
( )011  14 (24) 15 (48) 5 (24) 13 (48) 16 (96) 
( )110  1 (12) 15 (48) 5 (24) 16 (96) 7 (24) 
(hhl) 15 (48) 14 (24) 14 (24) 16 (96) 16 (96) 
(hkh) 15 (48) 15 (48) 14 (24) 16 (96) 16 (96) 
(hkk) 14 (24) 15 (48) 14 (24) 16 (96) 12 (48) 
( )hlh  15 (48) 4  (24) 15 (48) 16 (96) 16 (96) 
( )khh  15 (48) 15 (48) 15 (48) 13 (48) 16 (96) 
( )kkh  14 (24) 15 (48) 15 (48) 16 (96) 10 (48) 
(hk0), ( )0kh  14 (24) 14 (24) 15 (48) 16 (96) 16 (96) 
(h0l), ( )lh 0  14 (24) 15 (48) 15 (48) 16 (96) 16 (96) 
(0kl), ( )lk0  4 (24) 15 (48) 15 (48) 16 (96) 13 (48) 
(hkl), ( )klh , ( )lkh , ( )lhk  15 (48) 15 (48) 15 (48) 16 (96) 16 (96) 
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Table.3. Number k (degeneracy Bq ) of MSC of boundary conditions of arbitrary oriented plane α2 -DW 
( °≤ 902α ) in the cubic m3m crystals at selected domain magnetization directions. 
 
DW 
plane 
α2 -DW boundary conditions 
90°-DW 
[100], [ ]010  
90°-DW 
[110], [ ]011  
71°-DW  
[111], [ ]111  
60°-DW  
[110], [011] 
(100) 12 (48) 9 (24) 17 (24) 16 (96) 
(010) 12 (48) 17 (24) 10 (48) 10 (48) 
(001) 7 (24) 7 (24) 10 (48) 16 (96) 
(111) 13 (48) 16 (96) 12 (48) 10 (48) 
( )111  10 (48) 16 (96) 12 (48) 16 (96) 
( )111  10 (48) 16 (96) 13 (48) 10 (48) 
( )111  13 (48) 16 (96) 13 (48) 16 (96) 
(110) 17 (24) 12 (48) 16 (96) 16 (96) 
(101) 16 (96) 10 (48) 16 (96) 10 (48) 
(011) 16 (96) 13 (48) 9 (24) 16 (96) 
( )101  9 (24) 12 (48) 16 (96) 16 (96) 
( )011  16 (96) 10 (48) 16 (96) 18 (48) 
( )110  16 (96) 13 (48) 7 (24) 16 (96) 
(hhl) 13 (48) 16 (96) 16 (96) 16 (96) 
(hkh) 16 (96) 16 (96) 16 (96) 10 (48) 
(hkk) 16 (96) 16 (96) 12 (48) 16 (96) 
( )hlh  10 (48) 16 (96) 16 (96) 16 (96) 
( )khh  16 (96) 16 (96) 16 (96) 16 (96) 
( )kkh  16 (96) 16 (96) 13 (48) 16 (96) 
(hk0), ( )0kh  12 (48) 12 (48) 16 (96) 16 (96) 
(h0l), ( )lh0  16 (96) 10 (48) 16 (96) 16 (96) 
(0kl), ( )lk0  16 (96) 13 (48) 10 (48) 16 (96) 
(hkl), ( )klh , ( )lkh , ( )lhk  16 (96) 16 (96) 16 (96) 16 (96) 
 
